name %fail KwK %fail y < 0 %fail both %data remaining Table S1 : Between 7-33% of the data was discarded due to violations in our fundamental assumptions: that the ions and water remain in single file (KwK) when in the selectivity filter and that there are no carbonyl flips (i.e. kcsa-00 (-1.6, -8.8) (-0.8, -7.8) (1.3, -7.6) (2.3, -6.2) (2.5, -6.5) (4.2, -5.4)
kvchim-10 (-1.6, -9.1) (0.3, -7.2) (1.4, -7.0) (2.3, -6.2) (2.4, -7.2) (4.3, -5.4)
kvchim-11 (-1.6, -8.4) (-1.0, -7.8) (1.0, -6.8) n.d. n.d. n.d. Table S2 : The (z 12 , z 3 ) coordinates (Å) of the three identified states of the selectivity filter: wwKwK(K), wKwKw(K) and KwKwK. The coordinates of the top of the intervening barriers are also given. The wwKwK(K)
state cannot be identified in the 2D PMFs of kcsa-10 and kvchim-11 and therefore the coordinates are listed as not determined. Figure S1 : A To estimate the error all the umbrella data are divided into 100 bins 2 ps wide. This is about the minimum amount of data from which a 2D PMF can be calculated (an example is shown). The minimum free energy path (MEP) across each 2D PMF is calculated and B how the free energy varies with the distance along the MFEP is plotted. The height of the first barrier (between the wwKwK(K) and wKwKw(K)) is measured. C This is then plotted as a function of position in the umbrella data. There is an initial, fast equilibration period.
D E
The statistical inefficiency, s(n), is then calculated as the bin width, n, is varied. Plotting D s(n) against p n or E 1/s(n) against 1/n as a function of the proportion of the reversed dataset used indicates that the first 50% of the data should be discarded and the correlation time is ⇠ 5ps. We have been conservative and discarded the first 100ps and assumed a correlation time of 20 ps for all PMFs.
A kcsa-11 100 < t ≤ 120 ps 120 < t ≤ 140 ps 140 < t ≤ 160 ps 160 < t ≤ 180 ps 180 < t ≤ 200 ps Figure S2 : A Each set of umbrella simulations therefore yields five independent 2D PMFs (as we have discarding the first 100 ps and are using a correlation time of 20 ps). These can be combined to give B our final result for wildtype KcsA with CMAP (kcsa-11) and C an estimate of the statistical error. This is less than 0.5 kcal/mol for most of the map, except around the wwKwK(K) state in the bottom left where it can be as high as 1.5 kcal/mol. The minimum free energy path (MFEP) is calculated across the average 2D PMF and is shown as a black line. D The free energy is then plotted along the MFEP, along with the estimate of the error. This allows us to clearly identify the minima as well as to measure the heights of the barriers between stable states. kvchim-00 100 < t ≤ 120 ps 120 < t ≤ 140 ps 140 < t ≤ 160 ps 160 < t ≤ 180 ps 180 < t ≤ 200 ps kvchim-10 kcsa-00 kcsa-10 kcsa-11 Figure S5 : The error analysis shown in Fig. S2 for kcsa-11 was repeated for the other four 2D PMFs. The first 100 ps of data was discarded and the remaining 100 ps was divided into five equal bins, each 20 ps wide. This assumes that the results found for kcsa-11 apply to the other 2D PMFs. The statistical error was then estimated in the usual way. Figure S8 : The kcsa-11 and kvchim-10 2D PMFs can each be decomposed into two independent 2D PMFs.
The statistical error for each 2D PMFs is estimated as before and plotted here. The error is mostly less than 1.0 kcal/mol except in the left hand region of the kvchim-10b PMF where the error is very large. Contours are drawn every 0.5 kcal/mol. The error along the minimum free energy path is shown below each 2D PMF.
